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WHAT IS CLAIMED IS: 

1 . A radio frequency (RF) down-con vertor with reduced local oscillator leakage, 
for demodulating an input signal x(t), comprising: 

a synthesizer for generating mixing signals cp 1 and cp 2 whichj^^Jrr^ 

time^ where q> 1 * cp 2 has significant power at the frequency of a local oscillator 
signal being emulated, and neither cp., nor <p 2 has significant power at the 
frequency of said local oscillator signal being emulated; 

a first mixer coupled to said synthesizer for mixing said input signal x(t) with said 
mixing signal q>, to generate an output signal x(t) qv, and 

a second mixer coupled to said synthesizer and to the output of said first mixer for 
mixing said signal x(t) <p, with said mixing signal <p 2 to generate an output 
signal x(t) cp n <p 2 . 

2. The radio frequency (RF) down-convertor of claim 1 wherein said synthesizer 
further comprises: 

a synthesizer for generating mixing signals <p n and <p 2 , where cp 1 * cp 1 * cp 2 does not 
have a significant amount of power within the bandwidth of said input signal 
x(t) at baseband. 

3. The radio frequency (RF) down-convertor of claim 2, further comprising: 

a DC offset correction circuit. 



4. The radio frequency (RF) down-convertor of claim 3, wherein said DC offset 
correction circuit comprises: 

a DC source having a DC output; and 

a summer for adding said DC output to an output of one of said mixers. 

5. The radio frequency (RF) down-convertor of claim 2, further comprising: 
a closed loop error correction circuit. 

6. The radio frequency (RF) down-convertor of claim 5, wherein said closed 
loop error correction circuit further comprises: 

an error level measurement circuit and 

a time-varying signal modification circuit for modifying a parameter of one of said 
mixing signals and <p 2 to minimize said error level. 
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7. The radio frequency (RF) down-convertor of claim 6, wherein said error level 
measurement circuit comprises a power measurement. 

8. The radio frequency (RF) down-convertor of claim 6, wherein said error level 
measurement circuit comprises a voltage measurement. _________ 

9. The radio frequency (RF) down-convertor of claim 6, wherein said error level 
measurement circuit comprises a current measurement. 

10. The radio frequency (RF) down-convertor of claim 6, wherein said modified 
parameter is the phase delay of one of said mixing signals <p, and (p 2 . 

1 1 . The radio frequency (RF) down-convertor of claim 6, wherein said modified 
parameter is the fall or rise time of one of said mixing signals cp 1 and cp 2 . 

12. The radio frequency (RF) down-convertor of claim 6, wherein said modified 
parameter includes both the phase delay and the fall or rise time of one of 
said mixing signals <p, and cp 2 . 

13. The radio frequency (RF) down-convertor of claim 2 wherein said synthesizer 
further comprises: 

a synthesizer for generating mixing signals and q> 2 , where said mixing signals (p n 
and <p 2 can change with time in order to reduce errors. 

14. The radio frequency (RF) down-convertor of claim 1 , further comprising: 
a filter for removing unwanted signal components from said x(t) cp n signal. 

15. The radio frequency (RF) down-convertor of claim 1 , wherein said mixing 
signals cp 1 and cp 2 are random. 

16. The radio frequency (RF) down-convertor of claim 1 , wherein said mixing 
signals q>^ and <p 2 are pseudo-random. 

17. The radio frequency (RF) down-convertor of claim 1 , wherein said mixing 
signals q> 1 and cp 2 are irregular. 
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18. The radio frequency (RF) down-convertor of claim 1, wherein said mixing signals (pi 
and (p 2 are digital waveforms. 



Q^\J^^ The radio frequency (RF) down-convertor of claim 1, wherein said mixing signals (pi 
and (p 2 are square waveforms. 



20. The radio frequency (RF) down-convertor of claim 1, further comprising: 
a local oscillator coupled to said synthesizer for providing a signal having a frequency that is 
an integral multiple of the desired mixing frequency. 




21. A method of demodulating a radio frequency (RF) signal x(t) with reduced local 
oscillator leakage comprising the steps of: 

generating mixing signals cpi and 92 which vary irregularly over time, where 91 and *(p2 has 
significant power at the frequency of a local oscillator signal being emulated, and 
neither (pi nor cp 2 has significant power at the frequency of said local oscillator signal 
being emulated; 

mixing said input signal x(t) with said mixing signal (pi to generate an output signal x(t) q>i; 
and 

mixing said signal x(t) <pi with said mixing signal <p 2 to generate an output signal x(t) (pi cp 2 . 

22. An integrated circuit comprising the radio frequency (RF) down-converter of claim 1. 



25. The radio frequency (RF) down-converter of claim 1, where said synthesizer uses 
different patterns to generate signals <pi and q> 2 . 

^J^(f 26. The radio frequency (RF) down-converter of claim 1, wherein said synthesizer uses a 
single time base to generate both mixing signals (pi and (p 2 . 
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WHAT IS CLAIMED IS: 

1. A radio frequency (RF) down-convertor with reduced local oscillator i^kage, 
for demodulating an input signal x(t), comprising: 

a synthesizer for generating mixing signals <p^ and <p 2 which vary irregularly over 

time, where ip 1 w <p 2 has significant power at tne frequency^ a local oscillator 
signal being emulated, and neither q>, nor cp 2 has significant power at the 
frequency of said local oscillator signal being epnwated; 
a first mixef coupled to said synthesizer for mixing.sad input signal x(t) with said 

mixing signal <p, to generate an outpu^sfgnal x(t) f,; and 
a second mixer coupled to said synthesizefand to the output of said first mixer for 
mixing said signal x(t) tp, wiU^id mixing signal cp 2 to generate an output 
signal x(t) <Pt 92- 

2. The; radio frequency [RF) down-convertor of claim 1 wherein said synthesizer 
further comprises: 

a synthesizer for operating mixing signals 9, and 9* where 9, w cp, * 9 2 does not 
have a significant amount of power within the bandwidth of said input signal 
x(t) afi baseband. 

3. /The radio frequency (RF) down-convertor of claim 2, further comprising: 
a p6 offset correction circuit 

•* 

4. The radio frequency (RF) down-convertor of claim 3, wherein said DC offset 
correction circuit comprises: 

a DC source having a DC output; and 

a summer f0r adding said DC output to an output of one of said mixers. 

5. The radio frequency (RF) down-convertor of claim 2, further comprising: 
a closed loop error correction circuit. 

6. The jradio frequency (RF) down-convertor of claim 5, wherein said dosed 
loop, error correction circuit further comprises: 

an error level measurement circuit and 

a time-varying signal modification circuit for modifying a parameter of one of said 
mixing signals cp n and <p 2 to minimize said error level. 
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7. ThelradiO frequency (RF) down-convertor of claim 6, wherein said error level 
measurement circuit comprises a power measurement. 



8. Theiradlo frequency (RF) down-convertor of claim 6 f wherein said error level 
measurement circuit comprises a voltage measurement, 

9. The radio frequency (RF) down-convertor of claim 6, wherein said error level 
measurement circuit comprises a current measurement. 

10. Thelradio frequency (RF) down-convertor oy claim 6, wherein said modified 
parameter is the phase delay of one of sai<s mixing signals <p, and <p 2 - 




The radio frequency (RF) dowrv-convertor of claim 6, wherein said modified 
parameter is the fail or rise time of one^f said mixing signals q>, and q> 2 - 



12. The radio frequency (RF) down-conyertor of claim 6 f wherein said modified 
parameter includes both me phaseydelay and the fall or rise time of one of 
said mining signals q> n and 



1 3. The radio frequency (RF) down-pnvertor of daim 2 wherein said synthesizer 
further comprises: 

a synthesizer for generating mixing signals <p, and q> 2 , where said mixing signals 9, 
and j<p 2 can change with time ii/ order to reduce errors. 

14. The radio frequency (RF) down-convertor of claim 1 , further comprising: 
a filter for removing unwanted signal components from said x(t) ^ signal. 




1 5. The yadio frequency (RF) down-convjertor of claim 1 . wherein said mixing 
signals cp 1 and <p 2 are random. 

16. The iadio frequency (RF) down-conj/ertor of claim 1 , wherein said mixing 
signals <p, and q> 2 are pseudo-random. 

17. The radio frequency (RF) down-convertor of claim 1 , wherein said mixing 
signals <p, and (p 2 are irregular. 
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The; radio frequency (RF) diwn-cdnvertor of claim 1 . wherein said mixing 
signals tp, and <p z are digital waveforms. 



The radio frequency (RF) 
signals q>, and 92 are square waveforms. 



T 



wn-convertor of claim 1 ■ wherein said mixing 



20. The radio frequency (RF) down-convertor of claim 1 , further comprising; 
a local oscillator coupled to said synthesizer for providing a signal having a 
frequency that is an integral multiple of the desired mixing frequency. 



21. 




The radio frequency (RFJ down-convertor of claim 1. wherein said 
synthesizer uses a single tin/e base to generate both mixing signals 9, and 

The radio frequency (RF) /down-convertor of claim 1, where said synthesizer 
uses different patterns to/generate signals ^ and <p 2 . 



rec 



Jpf. A method of demodulating a radio frequency (RF) signal x(t) with 
local oscillator leaKage comprising the steps of: 
generating mixing signals q>, and which vary irregularly overtime, where <p, w <p 2 



dilator signal being 
nt power at the frequency of said 



gnal cp 1 to generate an output signal 



has significant power at the frequefldv* of a lo 
emiilated. and neither <p t nor ce/na^si 
local oscillator signal being 
mixing said. input signal x(t) witj 
x(t) qv, and 

mixing said signal xftfo, with said mixing signal <p 2 to generate an output signal x(t) 

« 

24/ An Integrated circuit comprising the radio frequency (RF) down-convertor of 
any one of claims 1-22. 




A computer readable memory medium, storing computer software j 
hardware development langikgfiJ^^ circuit 
a)mprisingjbe^3iofrequency (RF) down-convertor of any one of claims 1 
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A computer data signal embodied in a carrier wave,sajd_cj3mptrtefqata 
signal comprising computer ^tf0t&^e^r1^ay^)NBre development 
language fojj§pfleatiolfofan integrated circuit comprising the radio 
>ncy{RF) down-convenor of any one of claims 1 - 22. 
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